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(57) ABSTRACT 
An electric brake system for an electromechanical machine 
connected to output terminals of an inverter, input terminals 
of which are supplied by a DC voltage source. The system 
includes an electrical circuit connected between the input 
terminals of the inverter and including, connected in series: a 
mechanism dissipating electrical energy returned by the elec 
tromechanical machine to the input terminals of the inverter 
during a braking phase of the electromechanical machine, 
including an inductor wound around a magnetic circuit; and a 
Switching mechanism to close the electrical circuit during a 
braking phase of the electromechanical machine and to open 
the electrical circuit in absence of a braking phase of the 
electromechanical machine. 

Spivak, 

8 Claims, 4 Drawing Sheets 
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1. 

ELECTRICBRAKE SYSTEM WITH 
MAGNETICLOSS 

TECHNICAL FIELD 

The invention relates to an electric brake system with mag 
netic loss intended to dissipate the energy produced by an 
electromechanical machine during the braking phase, when 
the power supply network or its interface is not bidirectional. 

BACKGROUND OF THE INVENTION 

Both in the event the electromechanical machine is pow 
ered directly by direct current (e.g. brush motor) and in the 
event it is powered by alternating current via an inverter, the 
energy generated during braking phases of the machine is 
generally dissipated by a system connected to the DC bus. In 
most cases, this dissipation is done by resistors. When these 
resistors must store significant amounts of energy and/or 
when they must withstanda large number of operating cycles, 
they become heavy, bulky and expensive. Furthermore, the 
dissipation flow towards the wall of the housing in which they 
are fastened is, in these cases, difficult to control. This makes 
heat management of the application difficult. 

FIG. 1 is an electrical diagram showing a traditional elec 
tric braking system with dissipation of the energy returned by 
the braking in a resistor. This electric brake system is arranged 
in the supply circuit of an electromechanical machine M. The 
Supply circuit comprises a DC voltage source 1 Supplying, via 
a protection diode Dp, an inverter 3 at the terminals of which 
the electromechanical machine M is connected. Between the 
cathode of the protection diode Dp and the -terminal the DC 
Voltage source 1 is connected, inversely, a freewheeling diode 
Dl and a differential mode filter. The differential mode filter 
comprises an inductor L. Wound around a magnetic circuit 2. 
and a capacitor C. The inverter 3 is connected to the terminals 
of the capacitor C. The electric brake system comprises a first 
branch comprising two diodes D2 and D3 connected in series 
and inversely to the terminals of the capacitor C. A second 
branch comprising a brake resistor Rf in series with a tran 
sistor (IGBT or other) referenced T is connected to the termi 
nals of the capacitor C. The middle point between the brake 
resistor Rf and the transistor T is connected to the middle 
point located between the diodes D2 and D3. During braking 
of the electromechanical machine M, the braking energy is 
dissipated in the resistor Rf. 
The operation of the circuit of FIG. 1 is as follows. When 

the electromechanical machine M Supplies mechanical 
energy, the transistor T is controlled to be in the locked mode 
and no current flows in the resistor Rf. The diodes D2 and D3 
are not operative in this phase. When the electromechanical 
machine receives mechanical energy, the inverter 3 returns 
electrical energy to the capacitor C. By making the transistor 
T conductive, usually via a PWM (Pulse Width Modulation), 
one then causes an electric current to pass in the resistor Rf 
and the dissipation in thermal form of the electrical energy 
returned by the electromechanical machine to the input of the 
inverter. The diodes D2 and D3 serve as freewheeling diodes 
for all of the parasitic inductors of the branch made up of the 
resistor Rf and the transistor T. 

Document U.S. Pat. No. 6,072,291 discloses an electric 
brake system for an electromechanical machine connected to 
the output terminals of an inverter whereofthe input terminals 
are Supplied by a DC voltage source. The system comprises 
an electrical circuit connected between the input terminals of 
the inverter and comprising, connected in series: 
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2 
a means for dissipating electrical energy returned by the 

electromechanical machine to the input terminals of the 
inverter during a braking phase of the electromechanical 
machine, 

a Switching means intended to close said electrical circuit 
during a braking phase of the electromechanical 
machine and to open said electrical circuit in the absence 
of a braking phase of the electromechanical machine. 

According to patent U.S. Pat. No. 6,072.291, the electrical 
energy, which is returned to the input terminals of the inverter 
during a braking phase, is primarily dissipated in a brake 
resistor. 

BRIEF DESCRIPTION OF THE INVENTION 

The invention proposes a solution other than the dissipa 
tion in an electrical resistor, for the electric braking of an 
electromechanical machine. The proposed solution is to dis 
sipate, in the core of an inductor, the energy produced by an 
electromechanical machine during a braking phase, this 
inductor for example sharing the same magnetic core as the 
filtering inductor for the DC voltage supply. 
The magnetic losses in the core depend on the frequency 

and amplitude of the induction variation. The amount of 
energy dissipated in the core can therefore be assayed at any 
time by a fixed or variable frequency PWM applied to the 
transistor T. 
The invention therefore relates to an electric brake system 

for an electromechanical machine connected to the output 
terminals of an inverter whereof the input terminals are sup 
plied by a DC voltage source, the system comprising an 
electrical circuit connected between the inputterminals of the 
inverter and comprising, connected in series: 

a means for dissipating the electrical energy returned by the 
electromechanical machine to the input terminals of the 
inverter during a braking phase of the electromechanical 
machine, 

a Switching means intended to close said electrical circuit 
during a braking phase of the electromechanical 
machine and to open said electrical circuit in the absence 
of a braking phase of the electromechanical machine, 

characterized in that the means for dissipating the electrical 
energy comprises an inductor wound around a magnetic cir 
cuit, the energy recovered by the inductor during a braking 
phase being dissipated by loss of hysteresis and eddy currents 
in the magnetic circuit. 
A differential mode filter can be used. This filter can com 

prise a filtering inductor, wound around a magnetic circuit 
and placed in series between the DC voltage source and the 
inverter, and a filtering capacitor placed between the input 
terminals of the inverter. The filtering inductor and the dissi 
pation inductor may or may not have a shared magnetic 
circuit depending on the embodiment. 

According to one embodiment, the filtering inductor and 
the dissipation inductor use the same magnetic circuit, but are 
not magnetically coupled to each other. In that case, the 
magnetic circuit can be an EI or EE circuit, the filtering 
inductor comprising two identical coils connected in series, 
each coil being wound on an outer leg of the E, the dissipation 
inductor being wound on the central leg of the E. The opposite 
arrangement is also possible, the dissipation inductor com 
prising two identical coils connected in series, each coil being 
wound on an outer leg of the E, the filtering inductor being 
wound on the central leg of the E. 

According to another embodiment, the filtering inductor 
and the dissipation inductor are coupled together. In that case, 
the magnetic circuit can be an O-shaped circuit having two 
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opposite winding branches, the filtering inductor being made 
up of two coils connected in series, each being wound around 
a branch, the dissipation inductor being made up of two coils 
connected in series, each also being wound around a branch. 
The invention is applicable to all reversible electrome 

chanical machines connected to a DC bus, directly or via a 
converter. In most applications, this will involve a three-phase 
synchronous or asynchronous machine connected to the DC 
bus via a three-phase inverter. To simplify the explanation, 
only this case will be presented, but this in no way excludes 
other cases of machines/converters. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be better understood and other advan 
tages and features thereof will appear upon reading the fol 
lowing description, provided as a non-limiting example, 
accompanied by the appended drawings, in which: 

FIG. 1, already described, is an electrical diagram showing 
an electric brake system, arranged in the electrical power 
Supply circuit of an electromechanical machine, with dissi 
pation of the energy recovered by the braking in a resistor, 
according to the prior art, 

FIG. 2 is an electrical diagram showing a first electric brake 
system, arranged in the electrical power Supply circuit of an 
electromechanical machine, with dissipation of the energy 
returned by the braking in an inductor wound around a dif 
ferent magnetic circuit from that of the filtering inductor, 
according to the invention; 

FIG. 3 is an electrical diagram showing a second electric 
braking system, arranged in the electrical power supply cir 
cuit of an electromechanical machine, with dissipation of the 
energy recovered by the braking in an inductor wound around 
a magnetic circuit shared with that of the filtering inductor, 
according to the invention, 

FIG. 4 is an electrical diagram showing a third electric 
brake system, arranged in the electrical power Supply circuit 
of an electromechanical machine, with dissipation of the 
energy returned by the braking in an inductor wound around 
a magnetic circuit shared with that of the filtering inductor but 
without magnetic coupling, according to the invention, 

FIG. 5 shows a magnetic circuit equipped with inductors, 
usable in the electric braking system, described in FIG. 4, 
according to the invention, 

FIG. 6 is an electrical diagram showing a fourth electric 
brake system, arranged in the electrical power Supply circuit 
of an electromechanical machine, with dissipation of the 
energy returned by the braking in an inductor wound around 
a magnetic circuit, according to the invention, 

FIG. 7 is a perspective view of a magnetic circuit equipped 
with inductors, usable in the electric brake system, except for 
that described in FIG. 4, according to the invention, 

FIG. 8 illustrates how to arrange a magnetic circuit, usable 
in the electric brake system according to the invention, in a 
case housing the electric brake system. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following part of the description, the elements of the 
electrical diagrams that are identical to the elements shown in 
the electrical diagram of FIG. 1 will be referenced identically. 

FIG. 2 is an electrical diagram showing a first electric brake 
system, arranged in the electrical Supply circuit of an electro 
mechanical machine (a three-phase motor, for example), with 
dissipation of the energy returned by the braking in an induc 
tor wound around a magnetic circuit. 
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4 
The diagram of FIG. 2 differs from that of FIG. 1 in that the 

dissipation resistor Rfforthe braking energy is replaced by an 
inductor Lif wound around a magnetic circuit 4. In this dia 
gram, there is no coupling and no shared element between the 
inductors L and Lf. During a braking phase, the energy recov 
ered by the inductor Lf is dissipated by losses of hysteresis 
and eddy currents in the magnetic circuit 4. 

FIG. 3 is an electrical diagram showing a second electric 
braking system according to the invention. In this embodi 
ment, the magnetic circuit 4 is shared by the inductor L of the 
differential mode filter and the dissipation inductor Lf of the 
braking energy. In this case, the coils of the inductors L and Lf 
are coupled. Reference LS designates a Saturable inductor, 
arranged in series with the inductor Lif, and intended to main 
tain the filtering quality. 

FIG. 4 is an electrical diagram showing a third electric 
brake system according to the invention. In this embodiment, 
the magnetic circuit 4 is shared with the inductor L of the 
differential mode filter and the dissipation inductor Lf of the 
braking energy. Unlike the electric brake system shown in the 
diagram of FIG. 3, there is no magnetic coupling between the 
coils of the inductors L and Lif. To obtain this result, it is for 
example possible to use an EI-shaped magnetic circuit 4 as 
shown in FIG.5. The inductor L of the differential mode filter 
is then made up of two identical coils Land L" connected in 
series and each arranged on an outer leg of the E-shaped 
portion of the magnetic circuit. For operation in filtering 
mode, i.e. during a phase where the power supplied by the DC 
Voltage source is oriented towards the motor, there is no 
magnetic flow in the central leg of the E (see dark arrows in 
FIG. 5). The inductor Lf dissipating the braking energy is 
wound on the central leg of the E-shaped portion of the 
magnetic circuit. During operation in braking mode, the mag 
netic flows circulating in the outer legs of the E-shaped mag 
netic circuit portion are in opposite directions (see light 
arrows in FIG. 5). There is therefore no electric voltage gen 
erated at the terminals of the differential mode filter inductor 
L. 

FIG. 6 is an electrical diagram showing a fourth electric 
brake system according to the invention. In this embodiment, 
the magnetic circuit 4 is shared by the inductor L of the 
differential mode filter and the inductor Lf dissipating the 
braking energy. A capacitor Cf is added in series with the 
inductor Lif. The value of the capacitor Cf is chosen to form a 
resonant circuit (for a frequency of about 20 kHz) with the 
inductor Lif. In the case of FIG. 6, this is therefore a serial 
resonant circuit, but it is possible to consider a parallel reso 
nant circuit. The interest of this alternative lies in the decrease 
of the losses in the electronic switch of the brake and in the 
moderation of the electromagnetic interference (EMI) level. 

FIG. 7 is a perspective view of a magnetic circuit equipped 
with inductors, which can be used in the electric brake system 
according to the invention. The magnetic circuit 10 comprises 
two C-shaped portions 11 and 12 whereof the respective ends 
are opposed. The material of the magnetic circuit is in this 
example of the FeSi type at a rate of 3% of Siby weight. An 
air gap made from a non-magnetic material 13 (e.g. air, an 
electrical insulator) is provided between the ends of the 
opposed portions 11 and 12 So as to prevent saturation. The 
filtering and energy dissipation inductors are each distributed 
in two coils as shown in FIG. 7. The filtering inductor is first 
wound. It comprises a first coil L1 and a second coil L2 
connected in series. The dissipation inductor is then wound. It 
comprises a first wire coil Lif1 and a second coil Lif2 con 
nected in series. As an example, the dimensions of the mag 
netic circuit can be as follows: 
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width of the air gap 13, Lgap=1.05 mm. 
height of the coil window, Hw-14.7 mm 
width of the coil window, Lw-11.5 mm 
length of the sides of the magnetic circuit, Sgap=20.9 mm. 
The characteristics of the inductor of the differential mode 

filter are for example: 240 uH, 50 A max, 10 A alternating, 
resistance 40 m2, 28 turns. The characteristics of the dissi 
pation inductor are for example: 15uH, 50 A average, 150 A 
peak, resistance 2.5 mS2, 7 turns. 

This magnetic circuit equipped with these inductors allows 
an application on a DC bus of 300 V, 15 kW. 10 kJ. This means 
that the brake power build-up time is 15 kW in 10 us. With a 
peak induction of 0.75T, it is possible to dissipate 15,800 W 
with a PWM (pulse width modulation) command 300 V at 23 
kHz controlling 150 A peak for 50 A average. 

If a specific heat of 400 J/ C.kg is considered for the FeSi 
3% and assuming that a temperature increase of 50° C. is 
tolerable, the magnetic circuit is capable of absorbing 10kJ in 
pulse mode. 

If the heat capacity is not sufficient, adding phase change 
materials can be considered. 

In the event of a high average dissipation, good thermal 
contact with the case is easy to achieve. 

If no heat flow with the rest of the case is desired, the 
magnetic circuit can be equipped with its own cooling sys 
tem. 

FIG. 8 illustrates how to arrange a magnetic circuit usable 
in the electric brake system according to the invention, in a 
case housing the electric brake system. In this application, the 
aim is to be able to absorb a large amount of energy in a very 
short period of time and to then dissipate it, slowly towards 
the wall of the case. The magnetic circuit 20 comprises two 
portions: a C-shaped portion 21 and an I-shaped portion 22. 
The portions 21 and 22 are assembled to close the magnetic 
circuit with the insertion of an air gap 23 made from a non 
magnetic and non-conducting material. As for the structure 
shown in FIG. 7, the filtering inductor has two coils L1 and L2 
connected in series, the dissipation inductor having two coils 
LF1 and LF2 connected in series. The structure obtained is 
fastened to the wall 24 of the case via a means 25 having a 
Suitable thermal resistance. This arrangement makes it pos 
sible, in the event of a strong braking energy pulse, to gradu 
ally dissipate the generated heat towards the wall of the case. 
The fastening can be done by gluing. 
The invention procures substantial gains in mass and vol 

ume, in particular if sharing is possible with the differential 
mode filtering inductor. The use of a high temperature mag 
netic material would also make it possible to increase this 
ga1n. 
The invention also procures substantial gains in reliability 

and lifetime owing to excellent resistance to thermal cycling. 
The main interest of the solution lies in the flexibility of 

managing the dissipated energy owing to the innumerable 
possibilities for adapting the magnetic circuit relative to the 
electronic case. It is easier to optimize the thermal conditions 
of the assembly. 
The higher the power and braking energy level, the more 

the proposed solution becomes interesting. The lower interest 
threshold should be around several tens of watts. 
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6 
The minor loop for the braking power, which regulates the 

Voltage of the DC bus, becomes higher performing interms of 
stability margin and reaction time. 
The invention claimed is: 
1. An electric brake system for an electromechanical 

machine connected to output terminals of an inverter, wherein 
input terminals are supplied by a DC voltage source, the 
System comprising: 

an electrical circuit connected between the input terminals 
of the inverter and comprising, connected in series: 

means for dissipating electrical energy returned by the 
electromechanical machine to the input terminals of the 
inverter during a braking phase of the electromechanical 
machine; 

Switching means for closing the electrical circuit during a 
braking phase of the electromechanical machine and for 
opening the electrical circuit in absence of a braking 
phase of the electromechanical machine; 

wherein the means for dissipating the electrical energy 
comprises an inductor wound around a magnetic circuit, 
energy recovered by the inductor during the braking 
phase being dissipated by loss of hysteresis and eddy 
currents in the magnetic circuit; 

a differential mode filter comprising a filtering inductor, 
wound around a magnetic circuit placed in series 
between the DC voltage source and the inverter; and 

a filtering capacitor placed between the input terminals of 
the inverter, the filtering inductor and the dissipation 
inductor have a shared magnetic circuit. 

2. The electric brake system according to claim 1, wherein 
the filtering inductor and the dissipation inductor are not 
magnetically coupled to each other. 

3. The electric brake system according to claim 2, wherein 
the magnetic circuit is an EI or EE circuit, the filtering induc 
tor comprising two identical coils connected in series, each 
coil being wound on an outer leg of the E, the dissipation 
inductor being wound on a central leg of the E. 

4. The electric brake system according to claim 2, wherein 
the magnetic circuit is an EI or EE circuit, the dissipation 
inductor comprising two identical coils connected in series, 
each coil being wound on an outer leg of the E, the filtering 
inductor being wound on a central leg of the E. 

5. The electric brake system according to claim 1, wherein 
the filtering inductor and the dissipation inductor are coupled 
together. 

6. The electric brake system according to claim 5, wherein 
the magnetic circuit is an O-shaped circuit including two 
opposite winding branches, the filtering inductor including 
two coils connected in series, each being wound around a 
branch, the dissipation inductor including two coils con 
nected in series, each also being wound around a branch. 

7. The electric brake system according to claim 6, wherein 
the O-shaped magnetic circuit includes two C-shaped por 
tions fastened to each other via air gaps made from a non 
magnetic material. 

8. The electric brake system according to claim 1, wherein 
the magnetic circuit of the dissipation inductor includes ther 
mal insulating means making it possible to control a level of 
thermal flow towards a wall of a case on which it is fastened. 
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